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Description 
COMPUTER COOLING APPARATUS 

Cross Reference to Related Applications 

[0001] This application is a continuation in part of US application 
s.n. 10/483,500, having an LA. filing date of July 15, 
2002, which is a continuation in part of US application 
10/025,846, filed December 26, 2001 and issued as US 
Patent No. 6,725,682. 
Background of Invention 

[0002] jhe invention relates to the field of cooling electronic de- 
vices and, in particular, to using circulating fluids to cool 
microprocessors, graphics processors, and other com- 
puter components. 

[0003] | n computer systems, there are many heat generating 
components. It is generally desirable that the heat from 
these components be evacuated from the computer case 
in order to protect heat sensitive components. Some heat 
generating components may include RAM components 
and microprocessor dies. 



[0004] Microprocessor dies typically used in personal computers 
are packaged in ceramic packages that have a lower sur- 
face provided with a large number of electrical contacts 
(e.g., pins) for connection to a socket mounted to a circuit 
board of a personal computer and an upper surface for 
thermal coupling to a heat sink. In the following descrip- 
tion, a die and its package are referred to collectively as a 
microprocessor. 

[0005] Elevation views of typical designs for heat sinks suggested 
by Intel Corporation for its Pentium®lll microprocessor are 
shown in Figures 1A and IB. 

[0006] | n Figure 1A, a passive heat sink indicated generally by 
reference numeral 110 is shown. The passive heat sink 
110 comprises a thermal plate 112 from the upper sur- 
face of which a number of fins, one of which is indicated 
by reference numeral 114, protrude perpendicularly. The 
passive heat sink 110 is shown in Figure 1A installed upon 
a microprocessor generally indicated by reference numeral 
118. The microprocessor 118 is comprised of a die 116 
and a package 120. The die 116 protrudes from the upper 
surface of the package 120. The lower surface of the 
package 120 is plugged into a socket 122, which is in turn 
mounted on a circuit board (not shown). The passive heat 



sink 110 is installed by bringing the lower surface of the 
thermal plate 112 into contact with the exposed surface 
of the die 116. When installed and operated as recom- 
mended by the manufacturer, ambient airflow passes be- 
tween the fins in the direction shown by an arrow 124 in 
Figure 1A. 

[0007] | n Figure IB, an active heat sink, indicated generally by 

reference numeral 126, is shown. The active heat sink 126 
comprises a thermal plate 128 from the upper surface of 
which a number of fins 130 protrude perpendicularly. A 
fan 132 is mounted above the fins 130. The active heat 
sink 126 is shown in Figure IB installed upon a micropro- 
cessor, generally indicated by reference numeral 136, 
which is comprised of a die 134 and a package 138. The 
die 134 protrudes from the upper surface of the package 
138. The lower surface of the package 138 is plugged into 
a socket 140, which is in turn mounted on a circuit board 
(not shown). The active heat sink 126 is installed by 
bringing the lower surface of the thermal plate 128 into 
contact with the exposed surface of the die 134. When in- 
stalled and operated as recommended by the manufac- 
turer, ambient air is forced between the fins 130 in the di- 
rection shown by an arrow 142 in Figure IB. 



[0008] a difficulty with the cooling provided by the heat sinks 
shown in Figures 1A and IB is that at best the tempera- 
ture of the thermal plates 112, 128 can only approach the 
ambient air temperature. If the microprocessor 118, 136 
is operated at a high enough frequency, the die 116, 134 
can become so hot that it is difficult to maintain a safe 
operating temperature at the die 116, 134 using air cool- 
ing in the manner shown in Figures 1A and IB. 

[0009] Liquid cooling, which is inherently more efficient due to 

the greater heat capacity of liquids, has been proposed for 
situations in which air cooling in the manner illustrated in 
Figures 1A and IB is inadequate. In a typical liquid cooling 
system, such as that illustrated in Figure 1C, a heat con- 
ductive block 144 having internal passages or a cavity (not 
shown) replaces the thermal plate 128 in Figure IB. The 
block 144 has an inlet and an outlet, one of which is visi- 
ble and indicated by reference numeral 146 in Figure 1C. 
Liquid is pumped into the block 144 through the inlet and 
passes out of the block 144 through the outlet to a radia- 
tor or chiller (not shown) located at some distance from 
the block 144. The block 144 is shown in Figure 1C in- 
stalled upon a microprocessor generally indicated by ref- 
erence numeral 148, which is comprised of a die 150 and 



a package 152. The die 150 protrudes from the upper 
surface of the package 152. The lower surface of the 
package 152 is plugged into a socket 154, which is in turn 
mounted on a circuit board (not shown). The block 144 is 
installed by bringing its lower surface into contact with 
the exposed surface of the die 150. 

[0010] | n a || liquid cooling systems known to the inventor, only a 
small portion of the lower surface of the block 144 comes 
into contact with the die 150. Since the die 150 protrudes 
above the upper surface of the package 152, a gap 156 
remains between the upper surface of the package 152 
and the block 144. 

[0011] There has been a desire to increase the usefulness and ef- 
ficiency of computer cooling devices so that they can be 
more readily used for computer systems. 
Summary of Invention 

[0012] | n 0 ne aspect the invention provides a heat exchanger 
mounting assembly for mounting a heat exchanger in 
thermal contact with an electronic device mounted to a 
circuit board, comprising: a plurality of anchors mount- 
able on the circuit board about the electronic device; a 
clamping wire including a center section having torsional 
spring properties and extending from each end thereof a 



end each having a hooked end, the ends being resiliently 
flexible about the long axis of the center section, the 
clamping wire being mountable over a heat exchanger 
with each hooked end flexed down and engaged to an an- 
chor on the circuit board. 
[0013] | n another aspect the invention provides a heat exchanger 
comprising: a body including (i) a base portion including a 
thermally coupleable surface, the thermally coupleable 
surface capable of thermal coupling to a heat conductor 
and defining a plane; (ii) a heat exchanger fluid passage 
thermally coupled to the base portion through which a 
heat exchanging fluid may be circulated so that heat can 
be transferred between the heat exchanging fluid and the 
body; (iii) an inlet to the fluid passage and (iv) an outlet 
from the fluid passage and wherein the base has a thick- 
ness measured orthogonal to the plane defined by the 
thermally coupleable surface which increases and then 
decreases along at least one plane orthogonally through 
the thermally coupleable surface. 
Brief Description of Drawings 

[0014] Figure 1A is a schematic elevation view of a conventional 

passive heat sink installed on a microprocessor. 
[0015] Figure IB is a schematic elevation view of a conventional 



active heat sink installed on a microprocessor. 

[0016] Figure 1C is a schematic elevation view of a conventional 
liquid-cooled heat sink installed on a microprocessor. 

[0017] Figure 2A is a schematic pictorial view of a partially as- 
sembled desktop personal computer with an embodiment 
of the cooling apparatus described herein installed. Many 
of the conventional components of the desktop personal 
computer that are not relevant to the cooling apparatus 
are omitted. 

[0018] Figure 2B is a schematic pictorial view of a partially as- 
sembled tower-case personal computer with an embodi- 
ment of the cooling apparatus described herein installed. 
Many of the conventional components of the desktop per- 
sonal computer that are not relevant to the cooling appa- 
ratus are omitted. 

[0019] Figure 3A is a schematic elevation view of a portion of the 
desktop personal computer of Figure 2A showing a fluid 
heat exchanger in accordance with the present invention 
coupled to the CPU microprocessor of the computer. 

[0020] Figure 3B is a schematic elevation view of a portion of the 
tower-case personal computer of Figure 2B showing a 
fluid heat exchanger in accordance with the present in- 
vention coupled to the CPU microprocessor of the com- 



puter. 

[0021] Figures 3C - 3F are schematic elevation views of a series 

of variant fluid heat exchangers. 
[0022] Figure 3G is a schematic elevation view of a variant fluid 

heat exchanger having an external cooling conduit. 
[0023] Figure 3H is a schematic cross-sectional view of the fluid 

heat exchanger shown in Figure 3G taken along line 

3H-3H of Figure 3G. 
[0024] Figure 4A is a schematic exploded isometric view of the 

fluid heat exchanger shown in Figure 3A. 
[0025] Figures 4B, 4C, and 4D are schematic cross-sectional 

views of the fluid heat exchanger of Figure 4A taken along 

lines 4B-4B, 4C-4C, and 4D-4D of Figure 4A, respectively. 
[0026] Figure 4E is a schematic pictorial view of the fluid heat 

exchanger of Figure 3A showing the internal fluid flow 

pattern. 

[0027] Figure 5A is a schematic partially exploded isometric view 

of the fluid heat exchanger of Figure 3B. 
[0028] Figure 5B is a schematic cross-section of the fluid heat 

exchanger of Figure 5A taken along line 5B-5B of Figure 

5A. 

[0029] Figure 6A is a schematic isometric view of a molded or 
cast one-piece fluid heat exchanger in accordance with 



the present invention. 
[0030] Figure 6B is a schematic elevation view of the fluid heat 

exchanger of Figure 6A. 
[0031] Figure 6C is a schematic cross-sectional view of the fluid 

heat exchanger of Figure 6A taken along line 6C-6C of 

Figure 6B. 

[0032] Figures 6D, 6E, 6F, 6G, 6H, 61, 6J, and 6K are schematic 
cross-sections of the fluid heat exchanger of Figure 6A 
taken along lines 6D-6D, 6E-6E, 6F-6F, 6G-6G, 6H-6H, 
6I-6I, 6J-6J, and 6K-6K of Figure 6C, respectively. The 
barbs and protrusion are not shown. 

[0033] Figure 7A is a schematic isometric view of another fluid 
heat exchanger in accordance with the present invention. 

[0034] Figures 7B, 7C and 7D are sectional views of the fluid heat 
exchanger of Figure 7A taken along lines 7B-7B, 7C-7C 
and 7D-7D, respectively. Figures 7B and 7C show views 
with a clamping wire removed. 

[0035] Figure 7E is an end view of the fluid heat exchanger of 
Figure 7A. 

[0036] Figure 7F is an isometric view of another fluid heat ex- 
changer in accordance with the present invention. 

[0037] Figure 7G is an end view of the fluid heat exchanger of 
Figure 7F. 



[0038] Figure 8A is a schematic elevation view of the pump/tank 
module of the cooling apparatus of Figure 2A and 2B. 

[0039] Figure 8B is a schematic side elevation view of a molded 
pump/tank module that could be included in the cooling 
apparatus of Figures 2A and 2B. 

[0040] Figure 8C is a schematic end elevation view of the pump/ 
tank module of Figure 8B. 

[0041] Figure 8D is a schematic internal side elevation view of the 
pump/tank module of Figure 8B. 

[0042] Figure 8E is a side elevation view in exploded configura- 
tion of another pump module that could be used in the 
cooling apparatus of Figures 2A and 2B. Two housing 
portions of the pump module are shown in section to fa- 
cilitate understanding. 

[0043] Figure 8F is a side elevation view in assembled configura- 
tion of the pump module of Figure 8E. 

[0044] Figure 9A is a schematic end elevation view of a copper- 
finned chiller module in accordance with the invention, 
with the fan removed. The view is taken in the direction of 
airflow when chiller module is in operation. 

[0045] Figure 9B is a schematic longitudinal section of the chiller 
module of Figure 9A taken along line 9-9 of Figure 9A. 

[0046] Figure 10 is a schematic end elevation view of an alu- 



minum-finned chiller module having four extruded fin 
sections, in accordance with the invention. The view is 
taken with the fan removed and in the direction of airflow 
when chiller module is in operation. 

[0047] Figure 11 is a longitudinal cross-section of the chiller 

module of Figure 10 taken along line 11-11 of Figure 10. 

[0048] Figure 12 is a side elevation view of the chiller module of 
Figure 10 with the housing removed. 

[0049] Figure 13 is a cross-section of one of the four extruded 
fin sections of the chiller module of Figure 10. 

[0050] Figure 14 is a schematic end elevation view of an alu- 
minum-finned chiller module having two extruded fin 
sections, in accordance with the invention. The view is 
taken with the fan removed and in the direction of airflow 
when chiller module is in operation. 

[0051] Figure 15 is a longitudinal cross-section of the chiller 

module of Figure 14 taken along line 15-15 of Figure 14. 

[0052] Figure 16 is a cross-section of one of the two extruded fin 
sections of the chiller module of Figure 14. 

[0053] Figure 17 is a sectional view through another aluminum- 
finned chiller module according to the present invention. 

[0054] Figure 18 is a partially exploded isometric view of a bored 
fluid heat exchanger for use in the chiller modules of Fig- 



ures 9, 10, 14 and 17. 
[0055] Figure 19A is a schematic isometric view of a molded or 

cast fluid one-piece heat exchanger for use in the chiller 

modules of Figures 9, 10, 14 and 17. 
[0056] Figure 19B is a schematic elevation view of the fluid heat 

exchanger of Figure 19A. 
[0057] Figure 19C is a schematic cross-sectional view of the fluid 

heat exchanger of Figure 19A taken along line 19C-19C 

of Figure 19B. 

[0058] Figures 19D, 19E, 19F, 19G, 19H, 191 and 19J are 

schematic cross-sections of the fluid heat exchanger of 
Figure 19A taken along lines 19D-19D, 19E-19E, 
19F-19F, 19G-19G, 19H-19H, 191-191 and 19J-19J of 
Figure 19C, respectively. The barbs are not shown. 

[0059] Figure 20A is a sectional view through another heat ex- 
changer. 

[0060] Figures 20B and 20C are schematic figures showing flow 
patterns through a heat exchanger of Figure 20A. 

[0061] Figure 21A is a schematic plan view of a molded retainer 
for retaining a fluid heat exchanger coupled to a CPU mi- 
croprocessor in accordance with the invention. 

[0062] Figure 2 IB is a schematic front elevation view of the re- 
tainer of Figure 21A. 



[0063] Figure 21C is a schematic side elevation view of the re- 
tainer of Figure 21A. 

[0064] Figure 22A is top plan view of another fluid heat ex- 
changer of the present invention with internal parts shown 
in phantom. 

[0065] Figure 22B is a sectional view along line 22B-22B of Fig- 
ure 2 2 A. 

[0066] Figure 22C is a side elevation view of the heat exchanger 
of Figure 22A with internal parts shown in phantom. . 

[0067] Figure 23 is schematic exploded view of another fluid heat 
exchanger. 
Detailed Description 

[0068] Two embodiments of the present invention are shown in 
Figures 2A and 2B as they would appear when installed in 
two typical forms of desktop personal computer ("PC"), 
the PCs generally indicated by reference numerals 210 
and 250, respectively. In Figure 2A, the PC 210 is a desk- 
top-type PC, while in Figure 2B, the PC 250 is a tower- 
type PC. In Figures 2A and 2B, the PC 210, 250 is shown 
with its case cover and power supply removed so that a 
cooling apparatus that is an embodiment of the present 
invention can be seen. Each PC 210, 250 has a mother- 
board 212, 252 together with a CPU microprocessor 214, 



254 mounted in a socket 216, 256 as shown schematically 
in Figures 2A and 2B. In each case, the socket 216, 256 is 
mounted on the motherboard 212, 252. Other conven- 
tional components are omitted. 
[0069] As illustrated in Figures 2A and 2B, each cooling appara- 
tus is comprised of three modules: a heat exchanger 218, 
258 mounted in contact with the CPU microprocessor 214, 
254; a chiller module 220, 260; and a pump module 222, 
262. Each heat exchanger 218, 258 is mounted so as to 
be thermally coupled to a CPU microprocessor 214, 254 
and replaces a conventional heat sink such as those 
shown in Figures 1A and IB. The details of the manner in 
which the heat exchangers 218, 258 are mounted are de- 
scribed below. The chiller module 220, 260 and the pump 
module 222, 262 are mounted to the case of the PC 210, 
250 and connected together by a first section of tubing 
224, 264. The chiller module 220, 260 is connected to the 
heat exchanger 218, 258 by a second section of tubing 
226, 266. The heat exchanger 218, 258 is connected to 
the pump module 222, 262 by a third section of tubing 
228, 268. In operation, fluid is pumped from the pump 
module 222, 262 through the chiller module 220, 260, 
then through the heat exchanger 218, 258, and finally re- 



turns to the pump module 222, 262. When the cooling 
apparatus is operating, chilled fluid passes through the 
heat exchanger 218, 258 so as to extract heat produced 
by the microprocessor 214, 254. 

[0070] Figures 3A and 3B provide more detailed views of the heat 
exchangers 218, 258 as mounted on the microprocessors 
214, 254 in Figures 2A and 2B. The upright heat ex- 
changer 218 of Figure 2A differs in several details from 
the horizontal heat exchanger 258 of Figure 2B. Hence, 
each is described separately. 

[0071] | n Figure 3A, the microprocessor 214 can be seen to be of 
the conventional flip-chip type comprising a die 310 
mounted in a mounting package 312. The die 310 ex- 
tends above the surrounding surface 313 of the mounting 
package 312 and provides a non-active surface 311 that 
is generally parallel to the surrounding surface 313. In 
this type of mounting, no thermal plate is provided as part 
of the microprocessor 214, it being intended that a heat 
sink will be installed directly in contact with the non-ac- 
tive surface 311. "Non-active surface" as used herein 
refers to the face of a die that does not have electrical 
contacts and that is normally exposed to cooling air flow 
or placed in contact with a heat sink or other means for 



removing heat from the die 310. 
[0072] a s illustrated in Figure 3A, the upright heat exchanger 
2 18 is comprised of a cuboid body 3 14 of a heat- 
conducting material such as copper, aluminum, or plastic 
that has a cuboid protrusion 316 extending from its bot- 
tom face 318. Optionally, the bottom face of the protru- 
sion 316 may be a thin silver cap 319. As will be dis- 
cussed in relation to Figures 4A 4E, the body 314 contains 
internal passages and chambers (not shown in Figure 3A) 
through which a fluid may be circulated. The protrusion 
316 ends in a face 320 (sometimes referred to as a sur- 
face herein), which should preferably be dimensionally 
substantially congruent with the non-active surface 311 
of the die 310. Some of the advantages of the invention 
are reduced if the face 320 is not substantially congruent 
with the non-active surface 311. If the face 320 does not 
contact the entire non-active surface 311, then the rate at 
which heat can be transferred is reduced, although if for 
some reason the die is not uniformly hot, this may be de- 
sirable or at least tolerable. On the other hand, if the face 
320 is larger than the non-active surface 311, the disad- 
vantages of conventional liquid heat exchangers such as 
that shown in Figure 1C begin to appear as the difference 



in size increases. An empirical approach should be used 
to applying the present invention to a particular micro- 
processor installation. 
[0073] while the body 314 and the protrusion 316 are shown as 
cuboid in the drawings, they may be any convenient shape 
so long as the body 314, through which fluid is circulated, 
is separated from the microprocessor 214 by a sufficient 
distance and a face 320 is provided that is approximately 
dimensionally congruent with and conforms to the non- 
active surface 311 of the die 310. Further, in some cir- 
cumstances the protrusion 316 may be eliminated or re- 
duced to the silver cap 319. For example, in Figures 3C - 
3F a sample of some possible body shapes are shown. In 
those drawings, reference numerals correspond to those 
in Figure 3A where there are corresponding elements. For 
example, in Figure 3C, a spherical body 380 having no 
protrusion is shown; the face 320 is simply a flattened 
portion of the surface of the body 380. In Figure 3D, an 
inverted truncated pyramidal body 382 is shown; the face 
320 is provided by an optional silver cap 319 that is in ef- 
fect a small protrusion. In Figure 3E, a columnar body 384 
is shown and in Figure 3F, a truncated pyramidal body 
386 is shown. In each case, appropriate internal passages 



(not shown) must be provided to circulate cooling fluid; a 
fluid inlet fitting 328 and a fluid outlet fitting 330 are 
shown in each drawing. Further, in Figure 3A, the protru- 
sion 316 could be cylindrical rather than rectangular in 
cross-section preferably ending in a face 320 that is ap- 
proximately dimensionally congruent with and conforms 
to the non-active surface of the die 310. 
[0074] one goal in designing the upright heat exchanger 218 is 
to provide means to conduct heat away from the die 310 
and then transfer that heat to a fluid circulating through 
the body 3 14 of the upright heat exchanger 218. If a pro- 
trusion 316 is provided, it should preferably have a cross- 
sectional area that does not increase rapidly with distance 
from the die 310 and should be designed to transfer heat 
as efficiently as possible to the body 314, rather than to 
dissipate heat itself. Ideally the temperature should drop 
as little as possible from the non-active surface 311 to 
the body 314 so as to minimize the possibility of conden- 
sation forming on the protrusion 316 if the fluid circulat- 
ing through the body 314 is chilled below the dew point 
of the ambient air. In other words, a heat-conducting path 
must be provided from the protrusion 316 to the circulat- 
ing fluid. This path may be provided by the material out of 



which the upright heat exchanger 218 is formed, or by a 
heat pipe integrated into the upright heat exchanger 218, 
or by a thermoelectric heat pump placed between the die 
310 and the body 314, possibly as a protrusion 316 from 
the body 314. 

[0075] Preferably, the protrusion 316 should extend far enough 
from the microprocessor 214 so that the lower surface 
3 18 of the body 3 14 is sufficiently distant from the sur- 
face 313 of the microprocessor 214 such that sufficient 
ambient air may circulate in the gap between them so as 
to substantially prevent condensation from forming on the 
surface 313 of the microprocessor 214 and from forming 
on and dripping from the body 314 when fluid is cooled 
below the dew point of the ambient air and circulated 
through the body 3 14. Just how far the fluid should be 
cooled depends upon how much heat needs to be con- 
ducted away from the die 310. The further the fluid is 
cooled, the more heat can be conducted away using the 
same sizes for components such as the pump module 
222, 262 and the heat exchanger 218, 258. There is 
therefore an economic advantage in using colder fluid, but 
at some point the gap between the surface of the body 
314 and the surface of the microprocessor 214 will no 



longer allow sufficient air circulation. Hence the distance 
that the protrusion 316 extends from the body 314 must 
be determined empirically based upon the amount of heat 
needed to be conducted away and the sizes of the com- 
ponents. As noted above, a discrete protrusion may not 
be needed if the body 314 has a shape that provides a 
sufficient gap between the body 314 and the surface of 
the microprocessor 214. Several examples of this are 
shown in Figures 3C 3 G. 

[0076] The inventor has found that even a small distance be- 
tween the lower surface 318 of the body 314 and the sur- 
face 313 of the microprocessor 2 14 will allow the fluid to 
be cooled further than is possible using conventional heat 
exchangers without sealing and insulation. For example, a 
distance of approximately at least about 1.6 mm has been 
found to be sufficient to allow for cooling current CPU mi- 
croprocessors using circulating fluid cooled to below the 
dew point of the ambient air. 

[0077] | t j S critical that (1) condensation not be allowed to form 
on the microprocessor 214 or other components and, (2) 
if condensation does form on the upright heat exchanger 
218, then it does not drip or otherwise run onto the mi- 
croprocessor 214 or other components. In general, heat 



transfer from the socket 216, the motherboard 212, or 
the microprocessor 214 to the body 314 should not be al- 
lowed to lower the temperature of any portion of the 
socket 216, the motherboard 212, or the microprocessor 
214 so as to allow condensation to form on them. One 
way to accomplish this is to keep the gap between the 
body 314 and the microprocessor 214 sufficiently large 
that convection cells will not establish themselves in that 
gap under normal operating conditions so as to cause 
convective heat transfer. Further, the body 314 should be 
sufficiently exposed to ambient air flow that if condensa- 
tion does form on the body 314, it will evaporate without 
dripping onto the microprocessor 214 or other compo- 
nents. 

[0078] The upright heat exchanger 218 is held in place so that 

the face 320 of the protrusion 316 is thermally coupled to 
the die 310 by a clamping arrangement formed from a 
plastic bar 322, two stainless steel spring clips 324, and a 
bolt 326. The spring clips 324 hook under opposite sides 
of the socket 216 and extend upward to attach to oppo- 
site ends of the plastic bar 322. The plastic bar 322 is 
provided with an opening aligned with the center of the 
die 310 that is threaded to accept the bolt 326. The up- 



right heat exchanger 218 is installed by placing the face 
320 of the protrusion 316, preferably coated with thermal 
grease, against the non-active surface of the die 310 and 
then tightening the bolt 326 until the bolt 326 contacts 
the upright heat exchanger 218. The use of a plastic bar 
322 minimizes the possibility that excessive pressure will 
be applied to the die 310 by tightening the bolt 326, be- 
cause the plastic bar 322 will break if too much pressure 
is applied. 

[0079] As illustrated in Figure 3A, the upright heat exchanger 
218 is also provided with a fluid inlet fitting 328 and a 
fluid outlet fitting 330. When installed in the PC 210 
shown in Figure 2A, the tubing indicated by reference nu- 
meral 226 is connected to the fluid inlet fitting 328 and 
the tubing indicated by reference numeral 228 is con- 
nected to the fluid outlet fitting 330. 

[0080] Also illustrated in Figure 3A is a screw-in plug 332 and a 
nylon washer 334. The top of the body 314 is provided 
with a threaded filler opening (not shown in Figure 3A), 
which is threaded to accept the screw-in plug 332. The 
purpose of the threaded filler opening is discussed below, 
but when assembled, the nylon washer 334 is placed over 
the opening and the screw-in plug 332 screwed into the 



opening to cause the nylon washer 334 to seal the open- 
ing. The head of the screw-in plug 332 is indented so as 
to accept the end of the bolt 326 and align the upright 
heat exchanger 218 while the bolt 326 is being tightened. 
[0081] | n Figure 3B, the microprocessor 254 can be seen to be of 
the conventional flip-chip type having a die 350 mounted 
in a mounting package 352. The die 350 extends above 
the surrounding surface 353 of the mounting package 
352 and provides a non-active surface 351 that is gener- 
ally parallel to the surrounding surface 353. In this type of 
mounting, no thermal plate is provided as part of the mi- 
croprocessor 254, it being intended that a heat sink will 
be installed directly in contact with the non-active surface 
351. 

[0082] As illustrated in Figure 3B, the horizontal heat exchanger 
258 is comprised of a cuboid body 354 of copper that has 
a cuboid protrusion 356 extending from a face 358 adja- 
cent and parallel to the non-active surface 351 of the die 
350. As will be discussed in relation to Figures 5A and 5B, 
the body 354 contains internal passages and chambers 
through which a fluid may be circulated. The protrusion 
356 ends in a face 360 (sometimes referred to as a sur- 
face herein), which should preferably be dimensionally 



substantially congruent with and conform to the non- 
active surface 351 of the die 350. Some of the advantages 
of the invention are reduced if the face 360 is not sub- 
stantially congruent with the surface of the die 350. If the 
face 360 does not contact the entire surface of the die 
350, then the rate at which heat can be transferred is re- 
duced, although if for some reason the die 350 is not uni- 
formly hot, this may be desirable or at least tolerable. On 
the other hand, if the face 360 is larger than the surface 
of the die 350, the disadvantages of current liquid heat 
exchangers such as that shown in Figure 1C begin to ap- 
pear as the difference in size increases. An empirical ap- 
proach should be used to applying the present invention 
to a particular microprocessor installation. 

[0083] The discussion above regarding variant body shapes and 
design goals for the upright heat exchanger 218 applies 
as well to the horizontal heat exchanger 258. 

[0084] The horizontal heat exchanger 258 is held in place so that 
the face 360 of the protrusion 356 is thermally coupled to 
the die 350 by a clamping arrangement formed from a 
plastic bar 362, two stainless steel spring clips 364, and a 
bolt 366. The spring clips 364 hook under opposite sides 
of the socket 256 and extend outward to attach to oppo- 



site ends of the plastic bar 362. The plastic bar 362 is 
provided with an opening aligned with the center of the 
die 350 and threaded to accept the bolt 366. The hori- 
zontal heat exchanger 258 is installed by placing the face 
360 of the protrusion 356, preferably coated with thermal 
grease, against the non-active surface of the die 350 and 
then tightening the bolt 366 until the bolt 366 contacts 
the horizontal heat exchanger 258. The face of the body 
354 may be indented so as to accept the end of the bolt 
366 and align the horizontal heat exchanger 258 while 
the bolt 366 is being tightened. The use of plastic mini- 
mizes the possibility that excessive pressure will be ap- 
plied to the die 350 by tightening the bolt 366, as the 
plastic bar 362 will break if too much pressure is applied. 
[0085] The horizontal heat exchanger 258 is also provided with a 
fluid outlet fitting 370 and a fluid inlet fitting 368, which 
is not visible in Figure 3B as it is behind fluid outlet fitting 
370 in the view provided in Figure 3B (see Figure 5A). 
When the horizontal heat exchanger 258 is installed in a 
PC 250, the tubing indicated by reference numeral 266 is 
connected to the fluid inlet fitting 368 and the tubing in- 
dicated by reference numeral 228 is connected to fluid 
outlet fitting 370. 



[0086] An alternative heat exchanger is shown in Figures 3G and 
3H and indicated generally by reference numeral 390. The 
heat exchanger 390 has a columnar body 392 similar in 
shape to the columnar body 384 shown in Figure 3E, but 
with cooling provided by an exterior winding of tubing 
394 rather than an internal passage for circulating cooling 
fluid. The exterior winding of tubing 394 has an inlet 396 
and an outlet 398 corresponding to the fluid inlet fitting 
328 and the fluid outlet 330 fitting of the upright heat 
exchanger 218 of Figure 3A, respectively. The same de- 
sign criteria apply to the combination of the body 392 and 
the exterior winding of tubing 394 shown in Figures 3G 
and 3H as apply to the body 314 and the protrusion 316 
shown in Figure 3A. Specifically, if that combination 
392/394 was used in place of the upright heat exchanger 
2 18 of Figures 2A and 3A, the exterior winding of tubing 
394 should preferably be located so as to reduce heat 
transfer from the socket 216, the motherboard 212, or 
the microprocessor 2 14 to the exterior winding of tubing 
394 so that the temperature of any portion of the socket 
216, motherboard 212, or the microprocessor 214 would 
not drop to the point at which condensation would form 
on them. Further, the exterior winding of tubing 394 



should be sufficiently exposed to ambient air flow that if 
condensation does form on the tubing 394, the conden- 
sation will evaporate without dripping onto the micropro- 
cessor 214 or other components. Design dimensions are 
best determined empirically. 

[0087] The body 392 may be either solid, preferably copper, or 
may be constructed as a heat pipe as shown in Figure 3H. 
If so, the body 392 may be bored axially through from its 
bottom 381 to close to its top surface 383 forming a 
bored out chamber 385. A silver cap 387 may be joined to 
the bottom 381 as shown in Figure 3G. A filler opening 
389 passes from the chamber through the top surface 
383. The filler opening 389 is threaded to receive a 
screw-in plug 391. The body 392 may be used as a heat 
pipe if the chamber 385 is evacuated, partially filled with a 
mixture of approximately 50% acetone, 35% isopropyl al- 
cohol, and 15% water, and the screw-in plug 391, fitted 
with a nylon washer 393, is tightened to compress the ny- 
lon washer 393, thereby sealing the chamber 385. It 
should be noted that the heat pipe configuration illus- 
trated in Figures 3G and 3H is optional; a solid body 392 
may also be used. 

[0088] As illustrated in Figure 4A, the upright heat exchanger 



218 is formed from three sections, a central section 410 
from which protrudes a protruding portion 412 which to- 
gether with the silver cap 319 form the protrusion 316 of 
Figure 3A, an inlet side section 414, and an outlet side 
section 416. The three sections are bored through in the 
pattern shown in Figure 4A and Figures 4B, 4C, and 4D. 
An inlet end cap 418 covers the inlet side section 414 and 
an outlet end cap 420 covers the outlet side section 416. 
When in operation, fluid entering the inlet side section 
414 through the fluid inlet fitting 328 flows in a generally 
spiral pattern 610 as shown in Figure 4E and leaves the 
upright heat exchanger 218 through the fluid outlet fit- 
ting 330. 

[0089] As illustrated in Figure 4C, the central section 410 has an 
axial bore or chamber 510 that extends from the face 511 
of the protruding portion 412 through the central section 
410 nearly to the top surface 513 of the central section 
410. A threaded filler opening 422 passes from the cham- 
ber 510 through the top surface of the central section 
410. The threaded filler opening 422 is threaded to re- 
ceive the screw-in plug 332. When the silver cap 319 is 
joined to the lower face 511 of the protruding portion 412 
and the screw-in plug 332 tightened to compress the ny- 



Ion washer 334, the chamber 510 is sealed and may be 
used as a heat pipe if evacuated and partially filled with a 
mixture of approximately 50% acetone, 35% isopropyl al- 
cohol, and 15% water. 

[0090] Figure 5A and Figure 5B illustrate the structure of the hor- 
izontal heat exchanger 258 in more detail. The horizontal 
heat exchanger 258 does not include a heat pipe such as 
that provided by the chamber 510 in the upright heat ex- 
changer 218, nor does it include a silver cap 319. It com- 
prises a central block 450 bored through by nine parallel 
bores that are laterally connected in the manner shown in 
Figure 5B to form a passage from the fluid inlet fitting 
368 to the fluid outlet fitting 370. End caps 452, 454 
cover the faces of the central block 450 through which the 
central block 450 is bored. The end cap indicated by ref- 
erence numeral 454 covers the face of the central block 
450 closest to the die 350. A protrusion 356 is attached 
to the outer face of end cap 454. The end cap indicated by 
reference numeral 452 covers the other face of the central 
block 450 and may have a small indentation on its outer 
face to assist in aligning horizontal heat exchanger 258 
during installation. 

[0091] while the upright heat exchanger 218 and the horizontal 



heat exchanger 258 have been shown in the drawings and 
described as intended for installation in an upright and a 
horizontal orientation, respectively, those skilled in the art 
will understand that the horizontal heat exchanger 258 
could be installed in an upright orientation and the up- 
right heat exchanger 218 could be installed in a horizon- 
tal orientation. However, in the case of the upright heat 
exchanger 218, suitable wicking (not shown) would then 
have to be provided in the heat pipe chamber 510, as 
gravity would not cause condensed liquid to flow back to- 
ward the protrusion 412. The heat pipe chamber 510 and 
more elaborate construction of the upright heat ex- 
changer 218 may not be warranted in all cases. Hence the 
designer may wish to use the horizontal heat exchanger 
258 wherever a simple, less expensive heat exchanger is 
desired, in both horizontal and upright orientations. 
[0092] | n DOt h the upright heat exchanger 218 and the horizontal 
heat exchanger 258, a passage provided for the circula- 
tion of a fluid is comprised of a series of cylindrical cham- 
bers connected by constrictions. For example, in Figure 5B 
fluid entering the horizontal heat exchanger 258 through 
fluid inlet fitting 368 passes through nine chambers 451, 
453, 456, 458, 460, 462, 464, 466, and 468 before leav- 



ing through fluid outlet fitting 370. Each pair of succes- 
sive chambers is connected by a constriction. The con- 
strictions in Figure 5B are indicated by reference numerals 
470, 472, 474, 476, 478, 480, 482, and 484. For exam- 
ple, in Figure 5B constriction 470 connects the first pair of 
chambers 451, 453. The chambers 451, 453, 456, 458, 
460, 462, 464, 466, 468 pass completely through section 
450 and may be formed by boring through solid copper 
blocks, although casting or other methods may be used 
depending upon the material used. The constrictions also 
pass completely through the section 450, so that each of 
the chambers connected by the constriction has an open- 
ing in its interior wall passing into the constriction having 
a boundary defined by two lines along the interior wall of 
the chamber that run parallel to the axis of the chamber 
that are connected by segments of the edges of the circu- 
lar ends of the chamber. The area of the opening should 
preferably by approximately equal to the cross-section 
area of the fluid inlet fitting 368 and the fluid outlet fit- 
ting 370. 

[0093] while the chambers 451, 453, 456, 458, 460, 462, 464, 
466, 468 shown in Figure 5B and the chambers shown in 
Figures 4B and 4D are drawn so that the axes of succes- 



sive pairs of chambers are spaced apart by a distance that 
is somewhat greater than the diameter of one chamber, it 
is also within the scope of the invention to space the axes 
of successive chambers closer to each other or farther 
apart. For example, in Figures 4A and 5A, the axes of suc- 
cessive chambers are close enough to each other that the 
constrictions between successive chambers are formed by 
the overlapping of the chambers. One method for forming 
such chambers and constrictions is to bore a block of ma- 
terial so that the center of each bore is closer to the next 
successive bore than the diameter of the bore. 
[0094] The inventor has found that the one-piece fluid heater 
exchanger indicated generally by reference numeral 610 
in Figures 6A 6C is less costly to manufacture than the 
fluid heat exchangers 218, 258 shown in Figures 3A and 
3B and described above and may be used in place of fluid 
heat exchangers 218, 258 in many applications. However, 
the same design principles apply. The heat exchanger 610 
shown in Figures 6A 6C is die cast in one piece from an 
aluminum alloy such as 1106 alloy or 6101 alloy using 
processes that are known to those skilled in the art. That 
process is not within the scope of the invention, although 
the arrangement and shapes of the internal passages are 



within the scope of the invention. The heat exchanger 610 
shown in Figures 6A 6C might also be formed by molding 
heat-conducting plastic material. 
[0095] The heat exchanger 610 shown in Figures 6A, 6B, and 6C 
comprises a cuboid body 612, a protrusion 614, an inlet 
barb 616, and an outlet barb 618, all of which may be die 
cast as a unitary structure. The protrusion 614 provided 
complies with the design guidelines discussed above, ex- 
tending from the lower face 617 of the body 612 and hav- 
ing a face or surface 619 for coupling thermally to the 
non-active surface of a die. The perpendicular distance 
between the plane of the surface 619 and the lower face 
617 is approximately 6.25 mm. The four sidewalls of the 
protrusion 614, the face of one of which is indicated by 
reference numeral 621, are concave with a radius of cur- 
vature of approximately 6.25 mm, resulting in the side- 
walls 621 being perpendicular to the plane of the surface 
619 at their line of contact with it. The inventor has found 
that for currently available microprocessors, this perpen- 
dicular distance and sidewall design works. However, an 
empirical approach is recommended if the circulating fluid 
is chilled to lower temperatures. For example, steeper 
sidewalls, greater perpendicular distance, or both, may be 



needed. 

[0096] As illustrated in Figure 6C, inside the body 612 a passage 
620 through which chilled fluid may be circulated is pro- 
vided. The passage 620 connects the opening in the inlet 
barb 616 to the opening in the outlet barb 618. The pas- 
sage 620 comprises a series of nine generally spherical 
chambers connected by eight cylindrical constrictions. 
Figures 6D 6K provide a set of cross-sections showing the 
shapes and relative diameters of the spherical chambers 
and cylindrical constrictions. The transitions between the 
spherical chambers and constrictions are smooth. Because 
the body 612 and the protrusion 614 are formed as a uni- 
tary structure from heat-conducting material, a heat- 
conducting path is provided from the surface 619 to the 
material of the body 612 adjacent the passage 620 so that 
heat may flow from the die to fluid circulated through the 
passage 620. 

[0097] Referring to Figures 7 A 7C, another fluid heat exchanger 
650 is shown. The illustrated fluid heat exchanger can 
very effectively conduct heat from a protrusion 652 to the 
body through which the fluid passes to effect heat ex- 
change. Thus, the fluid heat exchanger of Figures 7 is 
particularly useful for cooling devices having high heat 



output or which experience heat spikes during operation, 
such as a CPU. Heat exchanger 650 may be formed from 
two main parts including a copper portion 656 and a por- 
tion 658 formed of material selected to be conductive but 
preferably less costly, lighter and/or easier to use in man- 
ufacturing than copper, such as aluminum. Copper por- 
tion 656 forms protrusion 652 and is mounted in portion 
658 in close contact therewith, as by press fitting, to en- 
sure conduction of heat from portion 656 to portion 658. 

[0098] The protrusion may be formed to comply with the guide- 
lines discussed hereinbefore, extending from the lower 
face 660 of the body and having a face or surface 662 for 
coupling thermally to the non-active surface of a die or 
other heat generating electronic device. 

[0099] Fluid heat exchanger 650 further includes a passage 

through which chilled fluid may be circulated. The pas- 
sage connects the opening in an inlet barb 616 to the 
opening in an outlet barb 618. The passage includes a 
chamber 668 on each side connected by channels 672. A 
plurality of heat exchange ribs 670 extend into chambers 
668 such that fluid passes therebetween as it circulates 
through the body. As shown, the ribs extend substantially 
parallel to each other and define planar side surfaces over 



which the heat exchanging fluid passes. Header areas 673 
can be provided adjacent the inlet/outlet barbs and chan- 
nels 672 to facilitate flow through the passage. 

[0100] Fluid heat exchanger 650 can advantageously be formed 
by modification of an extrusion for forming portion 658. 
An extrusion can be used to form portion 658 including 
the upper and lower faces and the ribs 670 in between. 
End portions of the ribs can be removed to form the 
header areas 673 and the body can be drilled through to 
form an opening for accepting copper insert portion 656 
and channels 672. Chambers 668 can be closed by apply- 
ing, as by welding or adhering, an external wall 674 about 
the edges of the chamber. Due to ease of construction, 
chambers 668 and channels 672 can be formed through 
portion 658. However, it is to be understood that these 
passages could extend through copper portion 656, 
should this be desirable. Other modifications to construc- 
tion are also within the scope of this invention. 

[0101] The fluid heat exchanger of Figures 7, as noted previ- 
ously, can handle significant temperature variations and 
preferably is formed to have a high output. As such barbs 
616, 618, chambers 668 and channels 672 should be se- 
lected to handle the appropriate volumes and may be 



larger than those shown hereinbefore. 

[0102] Fluid heat exchanger 650 includes an upper surface chan- 
nel 676, selected to engage a clamping wire 678. Wire 
678 is stiff, having resiliency which permits it to be ex- 
tended over the heat exchanger 650 and secured by 
hooked ends 680 onto anchor points 679 on a board 
679a. Wire 678 is formed to maintain protrusion 652 in 
close engagement with the die onto which it is mounted 
and in the correct orientation. 

[0103] | n one embodiment, wire 678 includes bends 682, which 
define a first end 684, a longitudinal center section 685 
and a second end 686 along the wire. A wire axis wxcan 
be defined parallel to center section 685. Hooked ends 
680 are positioned on ends 684, 686 generally opposite 
section 685. 

[0104] Center section 685 may exhibit torsional spring properties 
such that ends can normally extend out from the center 
section at rest positions relative to center axis wx and 
defining an angle a therebetween. However, ends 684, 
686 can be rotated by application of force in opposite di- 
rections about axis wx, but will be biased to return to their 
at rest positions when the force is removed. In particular, 
in one embodiment as shown, ends 684, 686 extend at an 



angle abut can be rotated into an angle al by application 
of force. In this angle, ends 680 can be hooked under an- 
chor points 679. In this configuration, the torsional spring 
properties of center section 685 can act to urge the heat 
exchanger down against the electrical component to 
which it is to be thermally coupled. Since wire 678 may 
tend to bear down, arrow W, with significant force against 
the heat exchanger channel 676 may be useful to main- 
tain wire in position over the heat exchanger. 

[0105] jo remove the heat exchanger from its mounted position 
on the board, one or both ends 680 need only be un- 
hooked from anchors 679 to release the wire from its en- 
gaging position over the heat exchanger. 

[0106] while wire 678 is shown it is to be understood that the 
wire is separable from the fluid heat exchanger and can 
be sold separately. It is also to be understood that other 
clamping/mounting devices can be used in place of the 
wire, as desired. 

[0107] Another heat exchanger 650a is shown in Figures 7F and 
7G. Some side walls of the heat exchanger, such as walls 
674 of heat exchanger 650, are removed in the Figures to 
facilitate illustration of its inner passage. The illustrated 
heat exchanger including a core 656a formed of a highly 



heat conductive (low thermal resistance) material such as 
for example copper and a surrounding body portion 658a 
formed of a material that is also heat conductive but may 
be easier to handle in manufacturing, lighter weight and/ 
or less expensive than the material of core 656a. When a 
selection is made on one of the other properties, this may 
render the surrounding body portion 658a less thermally 
conductive than the core. However, core 656a can readily 
handle and distribute thermal energy applied thereto to 
offer a boost in heat transfer, and the surrounding body 
portion can transfer that heat energy out into contact with 
the heat exchange fluid. In one embodiment, core 656a 
may be formed of copper, while surrounding body portion 
658a may be formed of aluminum, which is lighter and 
more cost effective presently than copper. Core 656a can 
be fused, press fit, connected by thermal grease, etc. to 
surrounding body portion to provide for thermal conduc- 
tion between the parts. 
[0108] core 656a extends from lower surface 659 of the heat ex- 
changer into the body to conduct heat therethrough. 
Lower surface 659 may not define a protrusion. For ex- 
ample, in the illustrated embodiment lower surface 659 is 
generally planar to extend over a heat generating elec- 



tronic device in thermal contact with a heat spreader 
plate, die, etc. Generally, in use lower surface 659 can be 
positioned with core 656a directly in contact with or in 
closest position to the heat-generating device. 

[0109] The fluid passage through heat exchanger 650a permits 
heat exchanger fluid to be circulated therethrough. The 
passage connects an inlet opening 616a to an outlet 
opening 618a. Openings 616a and 618a are formed to 
accept barbs or other fittings and are positioned on an 
upper surface of the heat exchanger to facilitate connec- 
tion of heat exchanger fluid tubes (not shown) into com- 
munication therewith. The passage includes a chamber on 
each side connected by channels 672a. A plurality of heat 
exchange ribs 670a extend into the chambers such that 
fluid passes therebetween as it circulates through the 
body from opening 616a to opening 618a about the core. 
As shown, the ribs extend substantially parallel to each 
other and define planar side surfaces over which the heat 
exchanging fluid passes. Header areas 673a can be pro- 
vided adjacent the inlet/outlet openings and the channels 
to facilitate flow through the passage. 

[0110] a pump module 222, 262 that may be constructed from 
commercially available components is shown in detail in 



Figure 8A. The pump module 222, 262 generally com- 
prises a conventional submersible 12-volt AC pump 710 
installed inside a conventional tank 712. The tank 712 has 
a screw-on lid 714, an inlet fitting 716, an outlet fitting 
718, and a compression fitting 720. The outlet 722 of the 
pump 712 is connected to the outlet fitting 718 by tubing 
724. The inlet 726 of the pump 712 is open to the interior 
of the tank 712 as is the inlet fitting 716. The power cord 
721 of the pump 710 is lead through the compression fit- 
ting 720 to a suitable power supply outside the case of 
the PC 210, 250, or alternatively an inverter (not shown) 
may be provided inside the case of the PC 210, 250 to 
provide 12 volt AC from the DC power supply of the PC 
210, 250. The tank 712 may be initially filled with fluid by 
removing the screw-on lid 714. The preferred fluid is 50% 
propylene glycol and 50% water. The tank 712 should be 
grounded to reduce the risk of a static electrical charge 
building up and causing sparking. Preferably this should 
be accomplished by the use of a tank 712 composed of 
metalized plastic, although a metal plate connected to the 
case of the PC 210, 250 may be used. 
1 ] In Figures 8B, 8C, and 8D, a variant pump module indi- 
cated generally by reference numeral 750 is shown that 



includes a pump having a center-tapped motor winding 
and an inverter. The inverter is disclosed in a copending, 
commonly-owned application entitled "Inverter" having US 
application number 10/016,687, which is incorporated 
herein by reference. It generally comprises a submersible 
20-volt AC pump 752 installed inside a tank 754. The 
tank 754 has a lid 756, an inlet fitting 757, and an outlet 
fitting 759. The outlet 758 of the pump 752 is connected 
to the outlet fitting 759 by heater pipe 760. The inlet 762 
of the pump 752 is open to the interior of the tank 750 as 
is the inlet fitting 757. A power cord from the DC power 
supply of the PC 210, 250 may be lead through an access 
opening 764 to connect to an inverter 766. The tank 754 
may be initially filled with fluid by removing the lid 756. 
The preferred fluid is 50% propylene glycol and 50% water. 
The tank 754 should be grounded to reduce the risk of a 
static electrical charge building up and causing sparking. 
Preferably this should be accomplished by the use of a 
tank 754 composed of metalized plastic. 
12 ] In Figures 8E and 8F, another pump module 770 useful in 
the present invention is shown. The pump module is 
formed to be compact, being sizable to fit into a media 
bay on a computer, and is formed such that when assem- 



bled all parts are secured together for ease of installation. 
In particular, pump module 770 includes a fluid tank 
housing 772, a pump 774 and a circuitry housing 776. 
The pump can operationally be as defined hereinabove. 
Fluid tank housing 772 is formed to define an inner cavity 
777 and includes an open end 778 providing access to the 
inner cavity. An opening 779 is provided for accepting a 
manifold 780 including coolant fluid inlet and outlet 
ports. Manifold 780 is preferably mounted onto housing 
772 in such a way that it can be interchanged with other 
manifolds depending on the size of inlets and outlets that 
are required to meet the flow requirements of the cooling 
apparatus. Housing 772 is sized to fit over and accommo- 
date pump 774 in cavity 777 with open end 778 abutting 
a flange 782 on the pump. 

[0113] Circuitry housing 776 includes an inner cavity 783 for ac- 
commodating circuitry (not shown), such as an inverter, 
and plugs 784 for connecting pump 774 to the electrical 
power supply of the computer in which it is installed. 

[° 114 ] Housing 776 also fits against flange 782 and end 778 to 
seal pump 774 therebetween. Seals are provided, as by 
welding, adhesives, provision of elastomeric seals, etc. 
such that seals are formed at least between flange 782 



and end 778 to cause cavity 777 to be fluid tight and 
housing 776 is secured, as by welding, adhesives, clamp- 
ing, etc., to the other parts to form a single pump module. 

[° 115 ] It is to be understood that other pump modules can be 
used as desired. For example, AC or DC motors or other 
means can be used. 

[0116] t wo Das j C designs for the chiller module 220, 260 are 
shown in Figures 9 to 13. Figures 9A and 9B illustrate a 
copper-finned chiller 810, while Figures 10 - 13 illustrate 
a cylindrical aluminum-finned chiller 1010. Figures 14 - 
16 illustrate a variant of the cylindrical aluminum-finned 
chiller 1010. Figures 17 illustrate another variant of the 
cylindrical aluminum-finned chiller 1010. The chillers in- 
clude a chiller heat exchanger such as that shown as 814 
in Figure 18, exchanger 1810 shown in Figures 19 or ex- 
changer 1850 shown in Figures 20. The chillers operate to 
pass heat from the chiller to air passing thereby. As such 
the chillers can operate in cooperation with a fan either 
blowing or drawing air therethrough or can be oriented to 
operate in a chimney fashion, without the use of a fan, 
wherein air moves through the chiller by convection. 

[0117] a s shown in Figures 9A and 9B, the copper-finned chiller 
810 generally comprises a housing 812 for mounting in 



alignment with an opening 912 in a wall 910 of the case 
of the PC 210, 250, a conventional 12 volt DC fan 914, a 
chiller heat exchanger 814 having a chiller inlet fitting 
816 and a chiller outlet fitting 818, two conventional ther- 
moelectric heat pumps 820, 822, which are connected to 
the power supply of the PC 210, 250 (connection not 
shown), two copper base plates 824, 826, and a plurality 
of fins 828. An arrow 916 in Figure 9B shows the direction 
of airflow. When installed in the case of the PC 210, 250, 
the chiller inlet fitting 816 is connected to the tubing in- 
dicated by reference numerals 224, 264 and the chiller 
outlet fitting 818 is connected to the tubing indicated by 
reference numerals 226, 266. 
18 ] The chiller heat exchanger 814, is essentially a block 
through which a chilled fluid may be circulated, is dis- 
cussed in the detail below in reference to Figures 18. In 
the copper-finned chiller 810, the chiller heat exchanger 
814 is sandwiched between the cold sides of the two ther- 
moelectric heat pumps 820, 822 so that a large propor- 
tion of the surface area of the chiller heat exchanger 814 
is thermally coupled to the cold sides of the thermoelec- 
tric heat pumps 820, 822. The assembly of the chiller heat 
exchanger 814 and the thermoelectric heat pumps 820, 



822 is in turn sandwiched between the two copper base 
plates 824, 826 so that the hot sides of the thermoelectric 
heat pumps 820, 822 are thermally coupled to the copper 
base plates 824, 826, respectively. The sides of the cop- 
per base plates 824, 826 that are not thermally coupled to 
the hot sides of the thermoelectric heat pumps 820, 822 
are joined by soldering or brazing to a plurality of parallel 
spaced apart fins 828 that are generally perpendicular to 
the sides of the copper base plates 824, 826. 

[0119] As illustrated in Figure 9B, a buffer zone 918 is provided 
between the fan 914 and the finned assembly, indicated 
generally by reference numeral 920, that includes the 
chiller heat exchanger 814, the thermoelectric heat 
pumps 820, 822, the base plates 824, 826, and the fins 
828. The purpose of the buffer zone 918 is to allow air 
flow from the circular outlet of the fan 914 to reach the 
corners of the finned assembly 920, which has a square 
cross-section as shown in Figure 9A. 

[0120] Optionally, as shown in Figure 9A, a plurality of parallel 
spaced apart fins 830 may be joined to a portion of the 
side of a copper base plate 824 that is thermally coupled 
to the hot side of the thermoelectric heat pump 820, but 
that is not in contact with the hot side of the thermoelec- 



trie heat pump 820. Also optionally, a plurality of parallel 
spaced apart fins 832 may be joined to a portion of the 
side of the copper base plate 826 that is thermally cou- 
pled to the hot side of the thermoelectric heat pump 822, 
but that is not in contact with the hot side of the thermo- 
electric heat pump 822. If the fins 830 and 832 are omit- 
ted, then the space that they would otherwise occupy 
should be blocked so as to force airflow to pass between 
the fins 828. 

[° 121 ] In operation, the copper-finned chiller 810 chills fluid that 
has picked up heat from the microprocessor 214, 254 and 
is pumped through the chiller heat exchanger 814. The 
cold sides of the two thermoelectric heat pumps 820, 822 
absorb heat from the chiller heat exchanger 814 and 
pump it to their respective hot sides. The copper base 
plates 824, 826 in turn transfer that heat to the fins 828, 
830, 832. Air, forced between the fins 828, 830, 832 by 
the fan 914 picks up heat from the fins 828, 830, 832 and 
carries that heat out of the case of the PC 210, 250. Of 
course, fan 914 can be positioned in any way to force air 
between the fins, as by drawing or blowing. 

[0122] The cylindrical aluminum-finned chiller 1010 shown in 
Figures 10, 11, and 12 may be used in place of the cop- 



per-finned chiller 810. The basic difference between the 
two designs is in the use of four aluminum extrusions 
1012, 1014, 1016, and 1018 to replace the fins 828, 830, 
832 of the copper-finned chiller 810. The chiller heat ex- 
changer 814 and the two thermoelectric heat pumps 820, 
822 used in the copper-finned chiller 810 may be used in 
the cylindrical aluminum-finned chiller 1010 and are indi- 
cated by the same reference numerals. Two copper heat 
spreader plates 1020, 1022 correspond generally to the 
copper base plates 824, 826 of the copper-finned chiller 
810. 

[0123] As shown in Figures 10 - 13, the aluminum-finned chiller 
1010 generally comprises a cylindrical housing 1030 that 
may be attached to a wall 1110 of the case of the PC 210, 
250 in alignment with an opening 1112 in the wall 1110, 
the chiller heat exchanger 814 having a chiller inlet fitting 
816 (visible only in Figure 10) and a chiller outlet fitting 
818, the two thermoelectric heat pumps 820, 822, which 
are connected to the power supply of the PC 210, 250 
(connection not shown), two copper heat spreader plates 
1020, 1022, and the four aluminum extrusions 1012, 
1014, 1016, 1018. An arrow 1116 in Figure 11 shows the 
direction of airflow. A conventional 12 volt DC fan 1114, 



as shown, can be used to move air through the chiller or, 
alternately, the chiller can be oriented such that a vertical 
air flow is set up through the chiller by convection. When 
installed in the case of the PC 210, 250, the chiller inlet 
fitting 816 is connected to the tubing indicated by refer- 
ence numerals 224, 264 and the chiller outlet fitting 818 
is connected to tubing indicated by reference numerals 
226, 266. 

[0124] a s illustrated in Figure 11, a buffer zone 1118 is provided 
between the fan 1114 and the finned assembly, indicated 
generally by reference numeral 1120, that includes the 
chiller heat exchanger 814, the thermoelectric heat 
pumps 820, 822, the heat spreader plates 1020, 1022, 
and the aluminum extrusions 1012, 1014, 1016, 1018. 
The buffer zone 1118 shown in Figure 11 is much smaller 
than the buffer zone 918 shown in Figure 9 as both the 
fan 1114 and the finned assembly 1120 has approxi- 
mately the same circular cross-sectional area so that little 
or no buffer zone 1118 is needed to provide airflow to the 
finned assembly 1120. However, the buffer zone 1118 
provides space for the tubing indicated by reference nu- 
merals 224, 264 and tubing indicated by reference nu- 
merals 226, 266 to connect to the chiller heat exchanger 



1024. Reduction in the size of the buffer zone provides a 
more compact chiller. 
[0125] The chiller heat exchanger 814, essentially a block 

through which a fluid to be chilled can be circulated, is 
discussed in the detail below in reference to Figure 17. In 
the aluminum-finned chiller 1010, the chiller heat ex- 
changer 814 is sandwiched between the two thermoelec- 
tric heat pumps 820, 822 so that a large proportion of its 
surface area is thermally coupled to the cold side of one 
or the other of the thermoelectric heat pumps 820, 822. 
The assembly of the chiller heat exchanger 814 and the 
thermoelectric heat pumps 820, 822 is in turn sandwiched 
between the two copper heat spreader plates 1020, 1022 
so that the hot sides of the thermoelectric heat pumps 
820, 822 are thermally coupled to one or the other of the 
copper heat spreader plates 1020, 1022. The four alu- 
minum extrusions 1012, 1014, 1016, 1018 take the place 
of the fins 828, 830, 832 of the copper-finned chiller 810, 
and are preferred because they may be extruded as units 
rather than joined by soldering or brazing to the copper 
base plates 824, 826 as in the case of the fins 828, 830, 
832 of the copper-finned chiller 810 and are formed from 
less expensive material (aluminum, rather than copper). 



The units can be adapted to enhance extrusion, such as 
by the provision of small parallel ridges along the surface 
of the material. 

[0126] Aluminum extrusions 1012, 1014, 1016, 1018 are actu- 
ally all identical, being merely rotated about a horizontal 
or vertical plane. Therefore, Figure 13, which is a cross- 
section through the aluminum extrusion 1012, illustrates 
all of them. As illustrated in Figure 13, the aluminum ex- 
trusion 1012 comprises a base 1310 from which a plural- 
ity of fins 1312 protrude. 

[° 127 ] In operation, the aluminum-finned chiller 1010 chills fluid 
that has picked up heat from the microprocessor 214, 254 
and is pumped through the chiller heat exchanger 814. 
The cold sides of the two thermoelectric heat pumps 820, 
822 absorb heat from the chiller heat exchanger 814 and 
pump it to their respective hot sides. The copper heat 
spreader plates 1020, 1022 in turn transfer that heat to 
the four aluminum extrusions 1012, 1014, 1016, 1018. 
Air, forced between the fins 1312 by the fan 1114 picks 
up heat from the fins 1312 and carries that heat out of 
the case of the PC 210, 250. 

[0128] Figures 14, 15, and 16 illustrate a variant, indicated gen- 
erally by reference numeral 1011 of the aluminum-finned 



chiller 1010 of Figures 10 13 in which the copper heat 
spreader plates 1020, 1022 are omitted and the four alu- 
minum extrusions 1012, 1014, 1016, 1018 are replaced 
by two identical aluminum extrusions 1015 and 1017. 
Figure 14 corresponds to Figure 10, Figure 15 to Figure 
11, and Figure 16 to Figure 13. The elevation view of the 
aluminum-finned chiller 1010 provided in Figure 12 is 
identical for the variant 1011. Aluminum extrusion 1017 
is shown in cross-section in Figure 16. As illustrated in 
Figure 16, the aluminum extrusion 1017 comprises a base 
1610 from which a plurality of fins 1612 protrude. The 
base 1610 is thicker than base 1310; the extra thickness 
replacing the copper heat spreader plate 1020. 
[0129] | n operation, the variant aluminum-finned chiller 1011 

chills fluid that has picked up heat from the microproces- 
sor 214, 254 and is pumped through the chiller heat ex- 
changer 814. The cold sides of the two thermoelectric 
heat pumps 820, 822 absorb heat from the chiller heat 
exchanger 814 and pump it to their respective hot sides. 
The hot sides of the two thermoelectric heat pumps 820, 
822 in turn transfer that heat to the two aluminum extru- 
sions 1015, 1017. Air, forced between the fins 1612 by 
the fan 1114 picks up heat from the fins 1612 and carries 



that heat out of the case of the PC 210, 250. 

[0130] Figure 17 illustrates a variant, indicated generally by ref- 
erence numeral 1011a of the aluminum-finned chiller 
1010 of Figures 10 13 in which the four aluminum extru- 
sions 1012, 1014, 1016, 1018 are replaced by two alu- 
minum extrusions 1015a and 1017a and the cylindrical 
housing 1030 is omitted and replaced by two aluminum 
extrusions 1619. 

[0131] Aluminum extrusions 1017a and 1015a are similar to ex- 
trusions 1015 and 1017 of Figures 14 to 16, each includ- 
ing a base 1610a from which a plurality of fins 1612a', 
1612a" protrude. When fully assembled, the extrusions 
1015a and 1017a accommodate therebetween in space 
1626 an arrangement of heat pumps and heat exchanger 
(not shown) in heat transfer communication with bases 
1610a. 

[0132] Although the extrusions are similar, fins 1612a of the 

present embodiment are formed differently than those il- 
lustrated in Figures 14 to 16. In particular, inwardly ex- 
tending fins 1612a' are spaced apart and elongate such 
that the fins from the two extrusions 1015a and 1017a 
mesh when the extrusions are mounted together about 
the heat pump/heat exchanger. When meshed, fins 



1612a' on opposite extrusions are spaced from each other 
along their side planar surfaces to permit air flow there- 
between. Spacing the fins in this way provides many ben- 
efits including: facilitating extrusion of the units, assem- 
bly of the chiller module and radiant heat transfer out of 
the chiller. While the fins 1612a' are spaced from the base 
of the opposite extrusion, this is not required. In fact, the 
heat transfer properties of the chiller may be improved by 
bringing the fins into contact with the opposite extrusion. 
[0133] it has been found that radiant heat transfer is further fa- 
cilitated by forming the housing of conductive extrusions 
1619, rather than as a non-conductive sleeve, identified 
as 1030 in the other aluminum chiller embodiments. 
Housing extrusions 1619 each include an outer wall 1621 
and a plurality of fins 1620 extending therefrom. Tabs 
1622 on the housing extrusions permit the extrusions 
1619 to be secured together, as by use of bolts, rivets, 
etc. Outwardly facing fins 1612a" on extrusions 1015a 
and 1017a are each spaced to accommodate therebe- 
tween one of the fins 1620, such that these fins also mesh 
when the parts are brought together. Fins 1620 are 
spaced from outwardly facing fins 1612a" such that air 
can pass between their planar side surfaces. Fins 1620 act 



to absorb heat radiating from fins 1612a" and conduct it 
over a greater surface area, out towards wall 1621. Fins 
1620 can be spaced from extrusions 1015a and 1017a 
about their entire surface area or alternately, they can be 
formed and assembled, a shown, such that the tips of fins 
1620 contact against bases 1610a. Such contact permits 
heat to be conducted directly from the heat pump through 
the center extrusions and into the housing extrusions. To 
facilitate conduction of heat from the center extrusions 
into the housing extrusions, potting material 1624, such 
as for example epoxy or solder, can be applied between 
fins 1620 and bases 1610a. Care should be taken when 
applying potting material 1624 to reduce, as much as 
possible, interference to air flow between the fins. 

[° 134 ] In addition to heat transfer, forming the chiller module 
according to Figure 17 also facilitates assembly thereof, 
wherein the parts can be built up from one half of the 
housing, using the meshed fins to stabilize the parts until 
they are secured together. 

[0135] As illustrated in Figure 18, the structure of the chiller heat 
exchanger 814 is, in general, similar to that of the hori- 
zontal heat exchanger 258 described above in relation to 
Figures 5A and 5B; the primary differences being that no 



protrusion 356 is provided and there are 20 chambers. 
Chiller heat exchanger 814 comprises a central block 
1410 bored through by 20 bores that are laterally con- 
nected in the manner shown in Figure 18 to form a pas- 
sage from the chiller inlet fitting 816 to the chiller outlet 
fitting 818. An end cap 1412, 1414 covers each face of 
the central block 1410. A passage is provided for the cir- 
culation of a fluid that is comprised of a series of cylindri- 
cal chambers, two representative ones of which are re- 
ferred to by reference numerals 1416 and 1418, con- 
nected by constrictions, a representative one of which is 
referred to by reference numeral 1420. 
[0136] | n Figure 18 fluid entering the chiller heat exchanger 814 
through the chiller inlet fitting 816 passes through the 20 
chambers before leaving through the chiller outlet fitting 
818. Each pair of successive chambers is connected by a 
constriction. For example, in Figure 17 the constriction 
1420 connects the pair of chambers 1416 and 1418. The 
chambers pass completely through the central block 1410 
and may be formed by boring through a solid copper 
block, although casting or other methods may be used 
depending upon the material used. The constrictions, 
such as constriction 1420 also pass completely through 



the central block 1410, so that each of the chambers con- 
nected by the constriction has an opening in its interior 
wall passing into the constriction having a boundary de- 
fined by two lines along the interior wall of the chamber 
that run parallel to the axis of the chamber that are con- 
nected by segments of the edges of the circular ends of 
the chamber. The area of the opening should preferably 
by approximately equal to the cross-section area of the 
chiller inlet fitting 816 and the chiller outlet fitting 818. 

[0137] while the chambers shown in Figure 18 are shown so that 
the axes of most of the successive pairs of chambers are 
spaced apart by slightly less than the diameter of one 
chamber so that most of the constrictions between suc- 
cessive chambers are formed by the overlapping of the 
chambers, it is also within the scope of the invention to 
space the axes of successive chambers farther apart, as 
shown in Figure 5B. One method for forming such cham- 
bers and constrictions is to bore a block of material so 
that the center of each bore is closer to the next succes- 
sive bore than the diameter of the bore. 

[0138] while twenty chambers are shown in Figure 18, more or 

fewer chambers could be used and are within the scope of 
this invention. 



[0139] As in the case of the one-piece fluid heater exchanger 

610 shown in Figures 6A 6C, the inventor has found that 
the one-piece chiller heat exchanger indicated generally 
by reference numeral 1810 in Figures 19A 19C is less 
costly to manufacture than the chiller heat exchanger 814 
shown in Figure 18 and described above and may be used 
in place of heat exchanger 814 in many applications. 
However, the same design principles apply. The heat ex- 
changer 1810 shown in Figures 6A 6C is die cast in one 
piece from an aluminum alloy such as 1106 alloy or 6101 
alloy using processes that are known to those skilled in 
the art. That process is not within the scope of the inven- 
tion, although the arrangement and shapes of the internal 
passages are within the scope of the invention. The heat 
exchanger 1810 shown in Figures 19A 19C might also be 
formed by molding heat conducting plastic material. 

[0140] The heat exchanger 1810 shown in Figures 19A, 19B, and 
19C comprises a body 1812, an inlet barb 1816, and an 
outlet barb 1818, all of which are die cast as a single uni- 
tary structure. Inside the body 1812 a passage 1820 
shown in Figure 19C connects the opening in the inlet 
barb 1816 to the opening in the outlet barb 1818. The 
passage 1820 comprises a series of sixteen spherical 



chambers connected by fifteen cylindrical constrictions. 
More or fewer chambers could be used and are within the 
scope of this invention. Figures 19D 19J provide a set of 
cross-sections showing the shapes and relative diameters 
of the spherical chambers and cylindrical constrictions. 
The transitions between the spherical chambers and con- 
strictions are smooth. 
[° 141 ] Referring to Figures 20A and 20B, another fluid heat ex- 
changer 1850 useful for a chiller module is shown. Fluid 
heat exchanger 1850 is selected to create more laminar 
flow therethrough than in the heat exchangers of Figures 
18 and 19. 

[0142] Fluid heat exchanger 1850 includes an inlet port 1852 

and an outlet port 1854, each in fluid flow communication 
with an inner chamber 1856 defined by end walls 1858a, 
side walls 1858b and upper and lower walls 1858c. A plu- 
rality of ribs 1860 extend into the chamber substantially 
parallel with each other and substantially parallel to side 
walls 1858b. Ribs 1860 are spaced from end walls 1858a, 
as desired, to create header areas permitting distribution 
of fluid flow between the plurality of ribs and through the 
chamber. As such ribs 1860, walls 1858a and 1858b form 
a plurality of fluid flow pathways therebetween between 



inlet port 1852 and outlet port 1854. 

[0143] Rj DS i860 are formed in heat conductive communication 
with walls 1858c such that heat from the fluid flowing 
therepast can be conducted through the ribs and into the 
walls of the heat exchanger. 

[0144] Heat exchanger 1850 is easy to manufacture from two 

identical extrusions 1862 formed of heat conductive ma- 
terial, such as aluminum, having a walls 1858b, 1858c 
and ribs 1860. The extrusions can be modified by remov- 
ing end sections of the ribs at their ends, meshed to- 
gether and joined, as by welding, adhesives, etc. to be liq- 
uid tight. End walls 1858a having port openings therein 
can then be mounted, in a liquid tight manner onto the 
ends. 

[0145] Fluid can flow through the heat exchanger in a number of 
ways. Figures 20B and 20C show two such ways. In partic- 
ular, in one embodiment, the inlet and outlet ports 1852, 
1854 can be formed as in Figure 20A at one end and fluid 
can flow, as shown by arrows 20B from one end to the 
other of the chiller heat exchanger through the pathways 
formed by ribs 1860a, around a partition 1859 and return 
through the pathways formed by ribs 1860b back toward 
the ported end. In another embodiment, the inlet port 



1852a is formed on a wall opposite the outlet port 1854a 
and flow occurs, as indicated by arrows 20c. Flow is gen- 
erated through all ribs by offsetting the inlet and the out- 
let ports. 

[0146] | n another embodiment shown in Figure 20D, flow can be 
urged through all the ribs, such as ribs 1860c by increas- 
ing the rib distance with an increased distance from the 
inlet flow. For example, the passage 1861" between rib 
1860b" and partition 1859 can be narrower than the pas- 
sage 1861"between rib 1860c" and walll858b so that re- 
sistance to flow between ribs 1860c" is greater than that 
through ribs 1860c". This causes flow 20D to be more 
evenly distributed through the ribs. The spacing between 
ribs can be gradually increased from passage 1861" to 
1861". 

[0147] a molded retainer can be used, as shown in Figures 21A, 
2 IB, and 21C for coupling the fluid heat exchanger 218, 
258, 612 to a microprocessor. The molded retainer, gen- 
erally indicated by reference numeral 1910, may be used 
instead of the plastic bar 322 and spring clips 324 in Fig- 
ure 3A and the plastic bar 362 and spring clips 364 shown 
in Figure 3B. The molded retainer 1910 comprises a plate 
1912 of plastic material having a front hook 1914 and a 



rear hook 1916 that extend perpendicularly from the plate 
1912 and perform the same function as the spring clips 
324, 364. Portions of the hooks 1914, 1916 near the ends 
that do not hook to the socket 216, 256 are embedded in 
the plate 1912 rather than fastened to the edges of the 
plate 1912 by screws as is the case in the plastic bar 322, 
362 and spring clips 324, 364 shown in Figures 3A and 
3B. Further, the ends of the hooks 1914 and 1916 that do 
not hook to the socket 216, 256 are bent back after they 
emerge from the plate 1912 and extend perpendicularly 
from the plate 1912 to form side brackets 1918. The side 
brackets 1918 extend far enough to restrain the body of 
the fluid heat exchanger from twisting. Two further side 
brackets 1920 each having a end molded into the plate 
1912 are provided so that the body of the fluid heat ex- 
changer is surrounded on all four sides by brackets 1918, 
1920. The hooks 1914, 1918 and brackets 1918, 1920 
are preferably made from 26 gauge sheet steel. As in the 
case of the plastic bar 322, 362, the plate 1912 is pro- 
vided with an opening 1922 that is threaded to accept a 
bolt (not shown) that may be the same as the bolt shown 
in Figures 3A and 3B. The opening 1922 is located so that 
the bolt is aligned with the center of the die 210, 250 



when the retainer is installed in place of the plastic bar 
322, 362 shown in Figures 3A and 3B. The plastic used to 
form the plate 1912 may be acrylic, although other plas- 
tics or other material may be used. The material used and 
its thickness should be selected so that the plate 1912 will 
break if the bolt is over-tightened. 
[0148] Referring to Figures 22A 22C, another fluid heat ex- 
changer 2050 is shown with the internal structures shown 
in phantom. The illustrated fluid heat exchanger can ef- 
fectively conduct heat between a thermally coupleable 
surface 2053 and the portion of the body through which 
the fluid passes to effect heat exchange. In particular, the 
fluid heat exchanger is selected such that its heat ex- 
changer fluid passages 2061, where fluid heat exchange 
occurs, are spaced more evenly from thermally coupleable 
surface than in a flat heat exchanger, such as that shown 
in Figures 20. In the heat exchanger of Figures 22, more 
even heat exchange can occur between surface 2053 and 
the fluid passing through each passage 2061. Thus, the 
fluid heat exchanger of Figures 22 is particularly useful 
for cooling devices having high heat output, which may 
cause hot spots in some previous heat exchangers leading 
to inefficient heat transfer and passage or rib warping 



and/or failure. 

[0149] Heat exchanger 2050 includes a base 2060 on which cou- 
pleable surface 2053 is located and a surrounding portion 
including passages 2061 formed by ribs 2070 and walls 
2074. The base is formed such that the distance between 
surface 2053 and any passage 2061 is substantially simi- 
lar, for example, the direct thermal path distance Dl be- 
tween a most distant passage 2061a and surface 2053 is 
less than 2.5 times and in one embodiment less than 2 
times the thermal path distance D2 between a closest 
passage 2061b and surface 2053. To achieve this sub- 
stantially uniform spacing, passages 2061 are positioned 
on or adjacent on upper surface 2060a of the base and 
base 2060 can have a thickness T, measured orthogonal 
to a plane defined by surface 2053, which increases and 
then decreases from edge to edge of base along at least 
one plane orthogonally through coupleable surface 2053. 
In particular, in the illustrated embodiment, surface 2053 
is substantially centered between edges 2063 of the base 
and the base thickness T increases from each edge toward 
the center of surface 2053. This can be true along one or 
more sectional planes through the base. 

[0150] ^ w i|| be appreciated that, to achieve substantially uniform 



spacing between the thermally coupleable surface and the 
fluid passages, the base may most beneficially be formed 
with at least one arcuate section. However, to facilitate 
manufacture, base 2060 can be a faceted form, for exam- 
ple, pyramidal or triangularly prismatic (i.e. wedge- 
shaped), as shown. 
[0151] Fluid can flow through passages 2061 between ports 

2016 and 2018, one of which will act as an inlet and the 
other of which will act as an outlet. Barbs, one example of 
which is shown at 2019, can be fit onto ports 2016, 2018, 
to facilitate installation. Fluid can cross from the passages 
on one side of the prism to the other side of the prism 
through a conduit such as channel 2072 or external 
tubes. 

[0152] Heat exchanger 2050 can be formed in a number of ways. 
Passages 2061 can be formed by extrusion of walls 2070 
with base, connecting, in a fluid tight manner, one or 
more walls to the base or, in another embodiment, pas- 
sages can be drilled through the base. In one embodi- 
ment, heat exchanger may be formed of an extrusion 
forming the ribs and base with an outer wall secured in 
fluid tight manner thereabout. Channel 2072 can be 
drilled through the base or external tubes can be mounted 



thereon. 

[0153] | n the illustrated embodiment, base 2060 is formed of at 
least two parts. With reference to Figures 7, base includes 
a core portion 2073a and a surrounding body portion 
2073b. Core portion 2073a may be formed of a material 
with lower thermal resistance than the material of sur- 
rounding body portion 2073b. The material of surround- 
ing body portion, however, can be further selected based 
on beneficial weight, handleability, compatibility to sur- 
rounding parts and/or cost. Since core portion 2073a op- 
erates to quickly transfer heat from surface 2053 to ribs, 
the core portion can be formed as by forming of wedge- 
shaped ends 2073c to follow a direct heat conductive path 
between surface 2053 and ribs 2070. Core portion 2073a 
can be formed to be spaced away from any fluid conduct- 
ing passages 2061 and channels 2072 so that no manu- 
facturing consideration need be given to any fluid tight 
properties at the interconnection between the base parts. 

[0154] The form of an arc can be approached in the base by in- 
creasing the number of faces on its upper surface. Such 
an arrangement is shown in Figure 23, wherein base 2160 
of heat exchanger 2150 is formed as a frustum (i.e. a sec- 
tion of a pyramid or wedge). The distance between any 



passage and the center of a thermally coupleable surface 
(cannot be seen) positioned on base lower surface 2159 
can be adjusted to vary 1.8 times or less. 

[0155] An exploded view of heat exchanger 2150 facilitates un- 
derstanding of a method of manufacturing such a device. 
In particular, base 2160 can be formed, as by milling, ex- 
trusion, etc., to have a plurality of upper faces 2163 and 
lower surface 2159. Then an extrusion defining walls 
2174 and ribs 2170 can be attached, as by fusing, weld- 
ing, adhesives, etc., to form enclosed fluid tight passages 
against each face 2163. In this embodiment, external 
tubes 2165 can be connected between ports 2116 on end 
walls 2119 to be secured to the ends of the extrusions. 

[0156] Those skilled in the art will understand that the invention 
may be used to cool electronic components such as 
graphics processors as well as microprocessors by adding 
additional fluid heat exchanger modules either in series or 
in parallel with the fluid heat exchanger used to cool the 
microprocessor. Similarly, multiprocessor computers can 
be cooled using multiple fluid heat exchangers. 

[0157] other embodiments will be apparent to those skilled in 
the art and, therefore, the invention is defined in the 
claims. 



